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[MfSS] ■ " ' 12 
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[□0a^°] 3Hei(7o%a-a) 
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mm 

7}^ #^ol ^ol € 7l ^.o. j7^3j*io) 7 >^-tb 5)^71 flcfl 7fl^*V ^-7] 7]^ 

A o V ^r°fl -£<S^ ^J^^Hl Sj*H lt^ 0 l #^(A)-g- 

^-5- 500rpm ifl*] 15000rpm^ ^£5. 4^ 60^^91 s\^}^ 1^-3.^^} JL, # 

71 l^^ol <£g_s) rfo. 7}^; i«a°l = 3j 500rpm <HH 

15000rpm ^r-£^ 4^ xfl*] 60 ^^^7]^ 4^*H= lxfl*] 3s\ 

7l^a^4 ^Tfl ^th^H 91^ #^(A)^r ^l^sH *J-*KA)-§r 

«>4*H 7]^-a^4 ^*>7fl ol^ #^(B)-i- afl?1*H ^(B)* ^l^V 

^. 1!" ^(A.B) ^1^:4^ # S^SHH #4*Kr ^ ^ Sj 

[tfll£] 

2 
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f 5 ' 

3^ ^* ^ ^^S\ ^Si^iThe manufacturing method of 

multilayer thin film using spin coating} 

f^Hl 4€- M-b)-\H ^sfl = . 

32-2 



^--ofl Ji^ig^ ^A]^ ^.g. ^ufl ^efl 

sr 

£ 10-8- *B]o>^o]-n]^olc^ #se ^ o1 c^ jg-j^^;^ ol-g-*V Cff. ^Hl-nV 

^ £ o^o} cfs i^-g- =-rfls^ ^ flTjrJa. ^ =^ 

#^*}7|) o]-g-^ o. S Ai ^#ofl Cfl*}- ^-Alo) 

Jl^SlJl ii-O ^71, g AV^o] ci^- ^-#§1 ^^-ofl 
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4- 

X) j rc^ ^7l^ 42- oj-^l ^Al^ 7}#$\ 7M* 

f^^M D >S- ^ «o^l-§--$-S. A>-g-^l4, 71^: _H-fj-^ ^7) 

J^ti] Qjaj-^c^ 7l^ol) <gis\^ a^^o] J£<^H ( =L ?} 
3. *Vc}. iE*h =7^0.5. 7 m ^^o] ^Hf- ^sfl- o]-^>7l 

^M>nV ig^o) oj^Ej cfo^V ^ 7flJLS _ ^0171 ^SM^ 
tf^tb 7l^# 7H^" ^ ^]» ^ ^Hf-^ ig$H 

C-fl, o] S]^ H D >^^ 7]^oll S^^l- ^-A>Al^1 ^ 7}&-jr 3.4? $\$.*\%£L2. 

*1 *]*H) ^ -tt^^l<H]-H ^ 

-L^l-71 #-g-*Kn. 5U4. 

=L^. -*M Sl^J 3^ « 0 ^^r lOM-^Ei # 
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#^ -g-ol^uf ZL o)*}^ ^m-nV J^^SM. j^j 

3Hr -g-nfl ^bH -o} ^ - O.^ ol^ H ^«VnV # ^]^ >7 ] 7l . oj 

4# ^^§- *j)a)-S]-7] 7>*V ^ ^Af-i- x]^ Jl^^o] Hj-ig o. 

^wKLB : Langmuir-Blodgett °]t>} 'LB'Bj- *}-) ^olcf. 

LB ^ *lnfl^*> ^7f^ ^ 7l ^ # .qqxi^jL, 

*}Wr JL*\) 7)%o\ MAlfc ^Gj- ^-71 ^ a> 

- *fl*h ^o) D fl o. ^^o.^ 

^d7]^ gq* 7]is t}jL ol^ « 7} 7>7] ^^^ (molecular self _ 

assembly method)* JE<y <&H ^ui-nv £fe cf^o] HVnv^. 7 )^o_ 7 flA]§>j7 
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4. 

°H 4#^ ^44* ^^*F7l # 7 j ^44 7] ^-o. ^ 

#44 £±=. ^-g-^ ofofl ^-7^ ^^ 7 ]^ o] 

3., ^"71 JEloflAj il^r 44 ^-o] ^ rc^. o.^ 7}^) <&£*fc M-g; J£ 

SJ*W 4^ <£sls>3. *]$^ cf-S-(i), 44 -§-^*>» 4^ 

3£ < a«H( 2 ) ^44^ ^^^t)] ^4. 

^7)4 -§"44# ^ £<g ^ <£3l4« ^ £ oj t ). 

■2, 44 £-44# 5fe i^Kr 4^^- o^*} «H-^-JLiiL*l t\%s>\ ^ 
4* 4^«- ^ ^o]cf. 

^7loflA^ 44^ # ^14 3# -g-°-»Sj g^a), 443 ^ 

343 #^4*fliJ -g-^ °)-g-4^ f^-4 ^^-4 4#s] 

^-f £44 #^ ^] 7 > g}=7fl ^4. 

#4$ 4^1 7)^4^ -^£)o)^^^ 444 # 
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H^-S(mercapto) x\%- ^-«fl^s] t cg^ <$*}s. ^s}^ CdS, 

CdSe 2J- ZnS^ 4°<^ ^7l -R-7j ^ ^fl^ofl 

-g-*M ^*Rr ^15,518,7675:^^ o]^oj| c^}*) 

^*Rr 7l^# ^7fl§l-Jl i 

St!" ^ ^1 5, 536, 5735^1 # 7 j n]^- JL*|t ^5,518, 767 JL# 7fl^i 

*H °l-gr5l- ^ 71 ^ ^el^^^aZf^ ^ £3g^ ^ofl 

^V^-fr S^^- ^ #B)o>^f! -H^-7}<4 c^ei 7>xl tf-g. s-s]^. 

^ ^7l^7>, 2}-<5h§- ^#-g- Hj-xl-g- =7^ ZLS^Jl ^^7l ^-g- 

^ ^ -§-g-*Hr 7l## ^-7fl ^1-Jl ojrq. 

2^ ^tj" f-* sl*> ^*M- -fi-JEsH «VnV^. 

^*Hr wfl^-g- ^v- o>^sJ avnv ^ ^Sfl 5-£- ifl*l 30 -g- ^ 

JE<2] tilmal ^3}- Al#oi o_^sl^ ^icf. 

°1^-Sr ^ ^ V «-§- >fl^-A] ^ Al^-o] nflo. ^o^Tfl <H ^A>^ 
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°1 &%4r oioo] f q.^. Bi-ni. ^=o^ g S1 g 

^€7)1- ^gSM] S>7] <*2^ 43 S ^32}- 42jo]| c).^ -g-Dfl^ 

A o V 7)tF ^1^* *m*}7) %£L5L 7)^2] t& M]-nV 

0 o^*> Sfe -g-*i*}7> JE^T^ ^dL^^-o] 7>^*V #^ol £01^ 7]^ 
ZL^2]^ol 7^*V 5]^i7l $H 7fl^lt!: ^, ^71 7)& A cKHl 7l^ofl £0)5} 

AV^oiaofl aj^H 7}^ #^(A)# S.<$& t}-§- 500rpm 15000rpm^ 

A o v 7] l^S^o] cf-g- 43-8-nfll. 7 }# ^^ofl tgo)^^ 
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500rpm <HH 15000rpm ^£5. 42: vfl*l 603^°1 Sj^l^ 4^s>^ ^ 

# lifl*l 33} 7l^S^2f ^sq<H oi^ M(A)* ^71^ 

a>ov (A) ^ ^)^}jL t 

#7] 7}$rd\) 3.^^ #^(A)ij- ^-Jl^I^H <9*}oJ 7>^tb ^15. nf€- 

A o V 7l 2*}3.*3°) QS-Q 71^ ^^ofl ^o^b} 

500rpm ifl*l 15000rpm^ ^S.S. vfl*l 60^<?> ^l^^f^r 4^ H-fl 

*1 35} *]r^H 7]%M.^ <$*}7\] SU^r #^(B)* ^lTl^H- ^(B)-^ 

^lS^Jl, -8-71 «WA,B) *ll^*H^ ^-^^r S£*HH >&4*Rr 3H1 

°i ^ Sife- -g-#*}-7}- JE^S]^ 7>^tb J^ol^ 

#2^15-, -H-Hl, 4^ M. 7)1=^, -4 #5: 

^ te^ll-^, <r %U>-^, ^"71 7l$ofl 3L±z 

^S}* 5L<8*Rr 7>^e>7flsr>^ 4^£- ##2] « 0 >«H oj-e}- £ 
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-g^S. -§-^ofl <g^X\# #7}^o] 7 }# g_r£6\) ^-^*>» £<?]a]2} ^ 
^■7]^ -f"^ ^-^-5. 7l^oll ^«V^ *§S§T>}7) S]*} 

-f , A cJ-7l 7)^- -#^H1 71 Sl<$& ^ol^bfl S^oJ 7>^tb 

l-^(A)* cf^- 500rpm i4)*] 15000rpm^ ifl*l 602^ °1 

T^^. 2}-^^ ^ ^ ^ ^-TsRVo] #3l*1-M SJ*K°J ^ 7>^t!r 
^*Kr S^Al^ Sl^fe -g-nfl 7 > ^g-15r} aQT^fe A]^ #B) ^Sfl-g <^ 

^^71^ ol^o] 7 >^^ #2]Sl*fl^3.*r *>7ltV M- 

°7l# Lf^^Sfe M-B}--£ 14^7} 7}- 7>^^ 

1] 

-fCH 2 -CH-^ 
CH 2 

NH 3 + cr 
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[^-^ 5] 

i 

H 

[5}-^ 6] 

-fcH 2 -CH^- n 
N n 



32-11 



1 



°H S.<£& #^2}. ^ol^ofl ^^-ol #^(A)* 

^(A)-g-^^l 7]^-ir o.s. ^4 BBfltfl^ w 0 >^# £oi f ^ oiTfl £ 

Sl^Al^ «J-*Jvg. ^^^7]] S^c-fl, ojnfl ^^1^£7> 500rpm ^>7fl ^ 

-g-*fi^°} Sl^i^5L^ 15000rpm* 3±a±*t * ^JSLtt _2.*lBj 

t^^l -§-<5^ ^-£Sf =H§ JlS}§}-a} Jrj^r^ 
500rpm 150000rpm 53 °1 v}&z\t;}z)- . 

St!" ^"71^- ^ 3 ##5.5. Jl#2]^iAl 42: 60S ^S.^ 7l^ 

°11 ^fiS^l ^^C-il, 7 }^S] -g-7f 7>7| S^^^r ^€ #*>« ^ 

A <M1 ^71^ T^^m, ^o\] cqvj. 3^ =,ig 7}- 7) 

o]§H) o]^V J3-a> ^oV 0 >q^ uj-t^o.^. 7Hfl*l^r 

A17]J1 fl^fe 7>^^* 371] ^7>A]^ mmAl^^o]] =7^0) 7>^^7l1 ^ ^ 3 *1 
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H.ofl ^ojrc^ 500rpm 15000rpm 4^ MM 602^ 

^-^-(A)-g- *hs*mi 

^ -M(A)^ ^-J^^Hl ^^-o] 7}^ ^ 4^ ^ #^(B)# 

Ufl*l 33 WS^l ^>7fl 9l'±r #H(B)# ^7l^H 

^ *r 9Xn] S\$r$\, °M S?} & 3.^^ ¥7^1 o}=-^^l rf^ 

2^ V (ABAB )^^>MHt 7 >^4 of el 7}*} ^r^S. 

#<H, A^ C7> ^§>1- 7}^Jl BSf D7> ^ 5J-^cfTg 

ABCABCABC. .... ABCDABCD , CBADCBAD . . . .4 ^ a} 3 4^ 

t}# ^ ^j^ofl A>-g-^ ^-7>^7l S^^^r o] ^ ^- cf 

€• #^ -g-on oj-ofl 7 )^.o. ^^A]^> ^-7}^<H 7>^-^o] -O^^H ^* 

°J **HI 2]*H ^^K 1 "* *fl*]-*Hr cflfe 5£- tfl*l 30-gr ^J£^ ti] 
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) 



TflXsflo]: ^u}- S^^i a^j ^^^-8: 4^43 <HH 
^ ¥*)l» 4-g-^M-(A) Vfl^l 100-§-^B-f-(A)Sl ^^LfloflAi 7>-H-l-7ll ^ 

°l^f ^^-i- 5L^-§- ^££*M Ji^ ^Ml^Ml ^^^715. SfH-, ^ 

^ 5E^£- ^"^^1 ol^fll- §7)^*11 ^1A]S1^ ™ ^]7l*V ^ofl 
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#7] £2°1H ^ a><4 ^-o] igj-rg o_ ^ t}7} £ oj^ 7l^r* 

J1^^7lofl ^fl^l 4^", ^"7] 7^ #T=H1 ^^*>» £ oi (1)W 

500rpm <*IM 15000rpm ^JE^. ifl*] 602^<?]- :S*gs>JL(2) , # 

#^(3)^- S^S}^ 500rpm <HH 15000rpm^^^ 4s ifl*l 60^ 

3^§1-J1(4), #7] -g-^f iE^^f <£:?lsj- £.<y# ^^^1 ^^*>^(5) nf# 

°H ^MSf ^-o] 2l*( 3j 5 )ofl^ ^]^-g-n]]^ 7 ]^r #<#-^ofl ^ 

©ISEjuI 500rpm tfl^l 15000rpm^ 8^ vfl*] 602^°]: sj^^l^ *fl*i*]--b ^ 

<^Al<^] 1> 

-s-^i^ ^ -n-£) 71^- (1.3cm x 4.5cm)* JL^^7) $\°\] 7fl^tt 

^ V 7] flofl Q.OIM #^o]-^ofo]^ol^ 5 .^. S E).o|c(ol^l- 'PAH'Sf ^")# 

2 ml ^SLElJl, 3000rpm^1 #£5. 15^^^: s]^s]-o^ S ^*>J1, #7} s^o) ^ 

€ ^-fHr-I- 2 ml l^ES] r±X\ 3000rpm^ ^JES. 
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*r^-§: 25) ^"71 7l^r g.#°\} o.OlM fe|ifiitlJil 0 )l( 0 ] 

'PSS'el- fJ-)# 2 ml 3000rpm^ 152:-g-<£ S^SH 3^*> 

Jl, #71 3*fM cf^. ^^1- 2 ml ^cc^ cfA) 3000rpm^ #_£sL 152: 

-^oV 4^*>^ 25] SHS-Sfcil, #7l PAHSf PSS# S^«>^ 

<^5l«l *!#^7} 6, 10, 14, 20, 26, 30, 34, 40<?} cf^ wi-nKg- afl^^- el- 

's-, ^71 aflS^ *f£t ^^£7)](Perkin-Elmer Lambda 4B UV/visible 

spectrophotometer)^. 190nm ^fl^l 400nm ^-^H-*! ^3*r°J £3°ll M-Bj-vfl^o.^, 
225nm^ x^-^ifl^cf. #7HH ]225nm^ PSS^I ^ ^ 

£3^ il^r ^-o] 3^7V ^7>*J-ofl ofef |-t£7} #3 3) o_s, ^7}*} 

<^H1 2> 

#71 ^^1^114 ^^Ml ^l^r^l, S]^^r# 4000rpm^-5. *H ^#^7}- 4, 
8, 12, 16, 20<?1 cf#«|^ aflstb A oM *^ £ 7jl 

5. 225nm<Hl^ ^^^}JL, ZL £4<^1 M-B^S^. 

-5-^*1-5. xlQQ -fi-El 7l^-( 1.3cm x 4.5cm)^§: O.OlM PAH -§-^°ll 20 -g-^ 

, eH l °1 ^^^Ji, #71 S^ol <£g_s] cf-g- 2-g-?J 251 ^fl^Ka, # 

71 :2^£ 7l^ 0.01M PSS-g-^ofl 20£-# S^^Jl, #7l iS^o] cf 
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-§- ff^rS 2£-# 22] £4jH]^*KlL, <$7) PAH^f PSS» -S^SHr aV 

^#^r7> 4, 8, 12, 16, 20<J! cf#«VnV^ ^ j AV 7 ) uVuVo] 

l^^JETflS. 225nm<?fl^1 zl gaHi £4<^1 M-B^tfl^rf. 

^^Hf 3* £ ^ 2Uf3), °13£r -n^^AS ^^.-§-^^.4 -g-nfl 

<^A] 0|| 3> 

PSS -g-^S] lmM, 2.5mM, 5mM, lOmM, 12.5mM, 16mM, 20mM, 24mM, 50mM 

* 4000rpmA^ *H ?*^7} 4, 2, 12, 16, 20^1 cf^«VnV^- cf-g-, 

±f £f 225nm<HH £5^1 M-e^^o. , o] 

^ PSS -g-°-^ ^-iE*)] nJ-§ n^o] ^avuv ai o]] ufEfufl^c]-. 

£5<H1^| ta>^ ^-o] .g-oflo^ ^£7]- 0.001NMH -^-Ei 0.016M 

-n-^lsl^cf. °1 3 *!: ^^-fe- -^JE^ ^7H1 <4e} q-xv ^ = 7 ]- 37] ] ^ 



32-17 



[SI] 



(mM) 


1 


2.5 


5 


10 


* 12.5 


16 


20 


24 


50 


^1 
(nm) 


0.4 


0.84 


1.63 


2.50 


3.37 


3.72 


3.76 


3.93 


3.97 



<42H. 51<*1H J&fe *}$\- ^<>1 -g-oflo) i-S-g- ^^§1 2^}o} <£ 
-g- i£« ^ ^li£S (PAH/PSS)^ t> *MI* I^MHl^i nj-<£*>7)l ^ 

^ #7] ^-o]^- ^ oicf. 

2000rpm, 3000rpm, 4000rpm, 5000rpm, 6000rpm 
-S*Hl4 cf#H]-^ ^S^s),; ^#^7]- 4, 8; 12, 

16, 20«?1 c}-g- ; aj- 7) 357 fl «Vn^ 

225nm<HH #^^><^ £6<Hl M-Ej-tfl^cf. 

#^1:^]°]: 4000rpm ^l^Hl^i^-E^ zl #<>|^^ -g- ^ oi^ 

<^Al ofi 5> 

0.01M PSS iJH ^SWHfs] ^£7} zj-z]- 0M. 0.1M, 0.5M, 1.0JH sjSMf- *> 
ijzf ^<^tv cf^^-^-i- *Ua^l-£h ^^7} 2, 4, 

8, 12, 16, 2091 ^lSfV ^-7] ^^.^ 247)1 «v?|o] *^ £f 

^-£7j]S. 225nm<HlA^ 5L7°fl M-Efi^^cf. 
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JE7°1H ^ «><4 go] ^sfq-E # o| ^ 7 }e£ol f^ofl n}-^ ^ 7 > 

< 

9X7} i41^-oicf. 

ofl 6> 

PAH^f PSS^ ^>£(pH)* 5.8, 4.5, 3.2, 2.5S ^sM?]^*! 
tb H o V ^-^-S T^uVnV-g. >fl2:§>S), 3 4000rpm°-5. <5>^ 3 #^7} 

2, 4, 8, 12, 16, 20<y xfla* t}-g-, #7l *fl2^ 247fl 

l^^JETjlS 225nnHH ^l*H S8<^1 M-BHfl&tf. .;- 

£8<HH ji^ go) pH 7> #4if-ofl nfej- ^3j-^oii^7>^^- <£ ^ tf. 

PSS ImM, 2.5mM, 5mM, lOmM, 12.5mM, 16mM, 20mM, 24mM, 50mM 

^* fHT^<Hl ^##£7113. 225nm<Hl>H 

£9oflAi j£^- a>4 go] *\%.^7\ 2091 

^ SHrHl, ^#ol ^ZL^> 4# ^* ol^ji oi7l 

<^Al<^] 8 > 
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i O ■ 'D 

-B-e) 7]% (1.3cm x 4.5cm)# JH^s^l $H 7fl*lt!: 
^7] 7]^: $H 0.01M PAH» ^ 2ml tt ^H5li, 3000rpm^ ^£5. 152^ 
S]^} 0 } S^g^-Ji, ^-7] 3.^o] nf-g- 2ml t^B} t}A] 3000rpm 

15i*S> 22] aV^l-jL , ^V 7 ) 7 |^- 3. 

^ofl %2]-7>=#(CdS) M"ii^7> ^-§-«5fl^r 2ml ^^JL, 3000rpm^_#£^ 15^ 
oV S^VJL, ^>7l S^o] rf-g- ^FHM- 2ml <g°lEL3i cJ-a] 

3000rpm^ 15^^> ^l^*>fe 2s) «>4*V^, #7l PAH^ 

CdS» iEWRr ^-i: ^#^7> l, 2, 4, j6, 8, 10, 12, 14, 16, 

18, 20«y *HS*}£tf. ojnfl CdS^I zJ-zh0.25mM, 0.5mM, l.OmM, 

3.0mM, 5.0mM, lOmM, 12mM, 20mMS. ^SM^Ai ^7] ^Hr ^"^Mr 

^lStt ^M", ^7l 887fl M>ni-^ ^%%£7j]^ 360nnHH 

5.1(H M-Efgi^cf. #7HH 360nm^ %^-7>S.#^ <%<%6\t±. 

#7l°IM *>-§-^ ^7]-=# M-i^^7>^ 40mg 31 

7KEL^#^eflojB(Cd(C10 4 ) 2 ) sj- 2ml ^ ^H^b} g| A ] c (CH 3 CH(SH)C0 2 H) «- 

^ofl JfLo^o} 250mlS. -g-^^fl lM^ ^M^Bft ^7}^ P H8 vfl*l pHlO-2. 

^ lOmg 1- ^7}^ -8-^*1-1- %5]-?}-JE.# ^^71-1- 
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5E« -8-^^ ^^7} ^7>^-o,i ttf^- g^s. ^#5L7> ^7}*}jl 5U-8--8: 

#7>ofl Sj-Aj- #£7> 3711 #7>*H ^2V^o] ^7>5]M- # 

■§-^*>S. -fM 7l^r (1.3cm x 4.5cm)* Jl^r 3t\%\7] $H1 ^^1*V 

^7] 7l^ofl ^oj^ci pahs} s-s) PSS* mtfls. 

^^HU^I- ^^tb a o v ^-^-S. 3f^H S^^Jl, ^-71 7l^r a^ol] f-e)^ 

?1 *r-§-^-§- 2ml I^Sel^L, 4000rpm^ ^HS. 15^^ ^ 3)^1^, p H2 . 5^ 
€ 2ml ^<>|i£^ cf^l 4000rpm^ 152:^- 3*1*1^ ^1^^ 

23} ^SfruL, O.OIM^ Hl'dBj !-£]=■ ^-§-°-» 2m 11- 4000rpm^ 
15i-S-^> SJSW?!^. pH5.5^ ^-fHrS. 4000rpm^ ^£5. 15^#^ 2s] 3} f) 
-a, A o v 7l #^o>^^jq- S*g*Hr -4^* c^e^ aV^H ^# 

^7> 2, 4, 6, 8, 10°] 4^ ^l^*>^cf. -*7l 57fl ^ 

Sllofl M-Efi^^cf. -# 7 ]oflAi 500nm2f 800nnHH iL^^r g£ 
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' ^ '.1 

t)"\M°}M)S.t>W 0 }^ 20mg/ml ^ 8*1 # tfl*] 10*1 # -^of ^-o] 

0.45^ 34* ^-g-, ^"71 Q&\g. ^3 #el°>^ lOmll- ^ 

#3.^*1 = 5. P H3.0 vfl3 pH3.5S. 90m Ml ^7M?1 nflEl 

^3LH^a] = ^ p H2.5 vfl^l o]nfl Af-g-^ 
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